where static stability is maximum. The NH 3 lineshape 12 days following impact indicates a gradual depletion of the Spatially resolved spectroscopy of the Shoemaker-Levy 9 high altitude source, which suggests that NH 3 was partially (SL9) sites traces the dynamical evolution of cometary mateshielded from UV radiation. Enhanced continuum emission rial, upwelled tropospheric gas, and compounds produced observed around 908 and 948 cm ؊1 and not at wavenumbers when the plume splashed back upon the atmosphere. The outside the silicate feature is consistent with 8 ؎ 4 ؋ 10 12 g emissions of impact-produced stratospheric NH 3 , C 2 H 4 , and of cometary dust residing in the plume fallback region. The dust were imaged at NASA's Infrared Telescope Facility, total mass of C 2 H 4 was found to be 1 ؎ 0.3 ؋ 10 12 g with Irshell (the U. Texas mid-IR echelle spectrometer) 21 hr and remained constant within error limits throughout the and 6, 11, and 12 days following the K impact. The images observations. The compounds above 1 mbar displayed difcovered a ȁ7 ؋ 17؆ region generally centered on the K site fering horizontal coverages consistent with each molecule's and were composed of 0.8 ؋ 1 arcsec pixels, each containing role in a ballistic plume, having a range of temperatures. a spectrum of resolution ȁ15,000. We find evidence for two Ammonia at 20 mbar spread out with time; however, its sources of NH 3 . Most of the stratospheric NH 3 resided at coverage was never as extensive as that of the dark material ȁ20 mbar. A second reservoir existed above 1 mbar, with a seen in HST images. In contrast, the dust, C 2 H 4 , and HCN column abundance ȁ lower than that of the deeper source 
were corrected following the procedure in Lacy et al. (1989) . We calibrated the intensity with an ambient temperature card. The beam is roughly 15% larger than the size of the secondary. Therefore intensities are further distributions of NH 3 , silicate dust, and C 2 H 4 (Section IV) corrected by multiplying the radiances by a factor of 1.15 over a 12-day period. Column abundances, calculated for . The major source of uncertainty is NH 3 and C 2 H 4 at each pixel (Sections IV-VII), provide not the signal to noise ratio (Ͼ200), but flat fielding and the total stratospheric masses of these gases around the C the removal of telluric absorption. and K sites several times following the impacts. An enhanced continuum flux at ȁ900-950 cm Ϫ1 about the impact site displays a wavelength dependence and opacity consis-
III. RADIATIVE TRANSFER CALCULATIONS tent with a silicate-rich haze (Section V). The vertical and
We interpreted the spectrum of each pixel in each image horizontal distributions of this haze, NH 3 , splash-back with radiative transfer models of the jovian atmosphere. gases, and the dark material observed by HST are com-
The analysis was restricted to pixels at jovian air mass of 2.8 pared in light of chemical and dynamical models of the or less. These calculations include the continuum opacity impacts (Sections VI and VII).
provided by H 2 and He. The He mole fraction was fixed at 0.10. We modeled the collision-induced opacity of
II. OBSERVATIONS
H 2 -H 2 and H 2 -He following the formalism of Birnbaum and Cohen (1976) and Cohen et al. (1982) and including Irshell's 17-arcsec slit was placed at the SL9 impact sites by first configuring its orientation along the planetocentric the laboratory measurements of Dore et al. (1983) and Bachet (1988) . east to west direction. The initial position was established by centering each end of the slit on a bright star and NH 3 parameters came from the GEISA data bank (Husson et al. 1991) . H 2 broadened linewidths were calculated marking its position on the guide TV screen. Images were created by stepping the slit 1 arcsec in jovian latitude across using the formalism proposed by Brown and Peterson (1994) . A partial list of line parameters for the 7 band of the impact sites; spatial sampling was then determined by the step size in latitude and the array pixel width (0.83 C 2 H 4 was kindly provided to us by J. Hillman. We assumed a T Ϫ0.75 temperature dependence for the Lorentz halfarcsec) in jovian longitude. An integration time of 43 sec was required for each telescope position within a latitudinal widths.
Using CH 4 and C 2 H 2 as thermometers, Bé zard et al. scan. Maps contained the jovian limb, used later to verify our position. In addition, bright emissions from the impacts (1997b) derived stratospheric temperature profiles from spectra that were observed off the impact sites (nominal located the jovian 44Њ S latitude.
We opened the slit to 1.4 arcsec, yielding spectral resolu-profile) and on the K impact site (hot profile). Temperatures above ȁ0.1 mbar were found to be enhanced 23 hr tions of 0.71 and 0.56 cm Ϫ1 at 948 and 908 cm
Ϫ1
, respectively. The spatial resolution of these images, 1.5 arcsec, after impact by ȁ30 K in the 10-Ȑbar region over an area ȁ15,000 km wide. On July 31, the K ϩ W site was no corresponds to a 5600-km pixel width at the sub-Earth point on Jupiter.
longer distinguishable from the surroundings in CH 4 images. However, C 2 H 2 emission, which probed higher levels, The dates and impact sites of the observations are presented in Table I . We detected the sP(3,K) multiplet and was still slightly enhanced over this site on July 30. The derived temperature increase was ȁ13 K in the 3-Ȑbar sP(1) line of the 2 NH 3 band at 908 and 948 cm Ϫ1 , respectively, and C 2 H 4 emission from the 7 band throughout the region. The observations of CH 4 and C 2 H 2 lines pertain to the same site (K) on the jovian disk and roughly the 948 cm Ϫ1 region over the K site each time we observed (Fig. 1) . HCN emission was observed over the K site 11 same time as the NH 3 lines analyzed here. Ammonia lines observed on July 20 were interpreted using the hot profile days after impact and is presented in the companion article (Bé zard et al. 1997b impact and the nominal profile 4 pixels and greater off tribution of NH 3 (Fig. 1) . This article will focus primarily on these emission features. impact. Three intermediate profiles were derived for the pixels between the hottest and quiescent regions by model-
The spectral resolution is broader than the Lorentz halfwidth expected for the range of pressures in Jupiter's ing CH 4 lines at the respective distances from the impact region.
stratosphere. (The Lorentz FWHM at 40 mbar is ȁ0.01 cm
, six times narrower than the spectral resolution.) However, the actual NH 3 emission features are broadened
IV. AMMONIA ABUNDANCES AND DISTRIBUTIONS
by line saturation as a result of the large optical depths at Previously observed as absorption lines from tropo-the line centers. The growth of these emission lines despheric ammonia, the 908 and 948 cm Ϫ1 lines displayed pends on whether the lines are formed in a Doppler or prominent core emissions 21 hr and 6, 11, and 12 days a Lorentz regime and is a sensitive function of the line following the K impact on July 19, 10:30 UT (Fig. 1) . halfwidth, which depends on the pressure level where amAmmonia emissions from the C fragment (impact time: monia is located. Information on the placement of NH 3 July 17, 7:13 UT) were visible on July 20 and 25 (Fig. 2) . can then be derived from our observations, even at 0.05-The emission seen at the K site on July 25 and 31 resulted 0.07 cm Ϫ1 resolution. The emission shapes changed with from the combined effects of the K and W (impact time: time (Fig. 1) ; this variation in the lineshape is very sensitive July 22, 8:08 UT) fragments, which hit within 2Њ Ϯ 4Њ to the NH 3 distribution from the region 1-40 mbar. Obserlongitude of each other . The intensity vations made on July 20, complicated by the enhanced of NH 3 emission drops off with distance from the impact stratospheric temperatures, will be discussed after the analsites (Fig. 2) . Within the spatial resolution of our observa-ysis of the data obtained on July 30 and 31 is presented. tions (1.5 arcsec), the horizontal coverage of stratospheric NH 3 (Fig. 2) remained constant over the 12 days that we a. NH 3 Emission 11-12 Days Following the K Impact observed the K site.
Both NH 3 emission features are sensitive to the NH 3 Ammonia emissions observed at the K site on July 30 and 31 were initially interpreted with simple NH 3 distribudistribution above 40 mbar. Below 40 mbar, stratospheric temperatures are low enough that NH 3 opacity affects ab-tions, constant above a specified pressure level (Fig. 3a) .
These simple profiles failed to fit the data. The shape of sorption compared to the continuum emission. The first stage of the analysis was to fit the far wings of NH 3 absorp-NH 3 emission lines observed on July 30 and 31 indicate instead that stratospheric NH 3 resided below the 15-mbar tion bands off impact sites to derive the vertical profile of NH 3 in the troposphere. This allowed us to study the level. A range of ammonia distributions between 15 and 40 mbar (Fig. 4 ) match the observations within the error perturbed atmosphere, that is, the shape and intensity of the central emissions, which reflected the statospheric dis-bars and indicate column abundances of 1-3 ϫ 10 17 cm Ϫ2
FIG. 2.
Images of the continuum (rows 1 and 3) followed by images of NH 3 emission in rows 2 and 4. Jupiter's southwest limb can be seen in the bottom left corner of each continuum image. Top right: July 20 observations of the continuum and the K site 908 cm Ϫ1 emission. Bottom right: July 20 observations of the continuum and (below) the 948 cm Ϫ1 NH 3 emission. The K and C sites are centered at pixels ȁ(5,6) and (5,16), respectively. Top left: July 25 continuum and (below) K site NH 3 emission. Bottom left: July 30 continuum and (below) K site NH 3 emission. Contour interval is 0.02. NH 3 images are formed from adding the radiance of the three brightest pixels that form the emission and subtracting from this value the background continuum.
for NH 3 within this pressure range at the K impact center. quires NH 3 around 20 mbar. Slightly larger quantities of material above 5 mbar (5 ϫ 10 15 cm
Ϫ2
) can be accommo- Figure 1 presents synthetic spectra of the July 31 observations generated with a constant mixing ratio of 7.4 ϫ 10 Ϫ8 dated by the data on this younger site. between 15 and 30 mbar. Ammonia at ȁ20-30 mbar is preferred over distributions that extend above 20 mbar. b. NH 3 Emission 21 hr after the K Impact Very little NH 3 above 15 mbar can be accommodated by the data; a constant mixing ratio of NH 3 extending up to the In contrast, 21 hr following the K impact (July 20), NH 3 restricted to the region 15 to 30 mbar failed to interpret low pressure levels of 5 mbar fails to fit the observations, as indicated in Fig. 3b . Linewidths provide an upper limit of the observations as shown in Fig. 5 . Some ammonia must reside at pressure levels at higher temperatures; an NH 3 10 14 cm Ϫ2 for the column abundance of ammonia above 0.1 mbar and 3 ϫ 10 15 cm Ϫ2 for that above 5 mbar. Observa-distribution confined above ȁ1 mbar actually provides an excellent fit to the observations. Observations made on tions of the C site 3 days following impact were consistent with our analysis of the 12-day-old K site; the C site re-July 20 provide little information on the placement of NH 3 A comparison using two stratospheric NH 3 distributions. The observation of the peak NH 3 emission on July 31 at the K ϩ W site is shown. A constant mixing ratio of 1.6 ϫ 10 Ϫ7 at 20-30 mbar (Model A) is compared to a constant mixing ratio of 2.5 ϫ 10 Ϫ8 between 5 and 25 mbar (Model B). The latter produces too narrow an emission feature compared to that observed. The discrepancy between the data and calculations at 907.5-908 cm Ϫ1 is not fully understood. It may result from an additional absorber; however, we are not aware of one. below ȁ1 mbar; spectra are consistent with a variety of
The vertical region of line formation is best illustrated with a calculation of the contribution function of NH 3 for distributions including constant mixing ratios of 1.3 Ϯ 0.2 ϫ 10 Ϫ6 above 1 mbar or 1.6 Ϯ 0.2 ϫ 10 Ϫ7 above 25 a profile that is constant above 25 mbar, mbar. Specifically, these emissions can be interpreted with as much as 6 ϫ 10 17 cm Ϫ2 NH 3 below 15 mbar as long as
15 cm Ϫ2 is placed above 0.1 mbar. A synthetic spectrum generated by an equivalently good interpretation to the observations is presented in Fig. 1 .
FIG. 5.
Observations of NH 3 emission centered at the K site 21 hr after impact (squares). Three models of the data with constant mixing ratios between 15 and 30 mbar. Model C has a mixing ratio of 7.5 ϫ 10 Ϫ8 that derived from July 31 observations (Model A in Fig. 3 ).
FIG. 4.
Examples of NH 3 distributions that equivalently interpret Models D and E have mixing ratios of 7.5 ϫ 10 Ϫ7 and 7.5 ϫ 10 Ϫ5 , respecthe 908 and 948 cm Ϫ1 emissions observed at the center of the K ϩ W tively. site on July 31. amount of ammonia in the plume fallback region where temperatures were found to be strongly enhanced (Bé zard et al. 1997b) . Using the distribution of NH 3 derived from the July 30-31 spectra, we found that an extra amount of 1 ϫ 10 16 cm Ϫ2 needs to be present above 0.1 mbar assuming the Bé zard et al. nominal temperature profile. When the base of the perturbed region is varied between 0.03 and 0.1 mbar, the amount of NH 3 above these pressure levels varies from 0.5 to 2 ϫ 10 16 cm
Ϫ2
.
c. NH 3 Emission 6 Days Following the K Impact
July 25 observations are consistent neither with NH 3 strictly above 1 mbar nor with NH 3 confined to the level 15-30 mbar. Ammonia emissions from July 25 were less intense than those from July 20 (Fig. 1 ), yet the same NH 3 FIG. 6. Contribution functions at the core and wing of the 908 cm Ϫ1 distribution and column abundance were derived from the emission. These values were calculated with a constant mixing NH 3 ratio emissions observed on these two days. This apparent conof 1.6 Ϯ 0.2 ϫ 10 Ϫ7 above 25 mbar, which fits the July 20 emission at the tradiction results from increased temperatures on July 20, center of the K impact.
which enhanced the emission caused by equal amounts of NH 3 mass. We note that infrared images of the K ϩ W site on July 25 at 7.9 Ȑm (Billebaud et al. 1995) indicate where B(, T) is the Planck function at temperature T and wavenumber , and is the optical depth at pressure p. hot stratospheric temperatures presumably as a result of the W impact. In models presented here the nominal Figure 6 presents the contribution function at 908.21 cm
Ϫ1
for the pixel centered on the K site 21 hr after impact. For profile was used. However, we also considered the heating due to the W impact by calculating the NH 3 distribution the NH 3 profile assumed, most of the mass resides below 10 mbar; nevertheless there is a significant contribution to for the mildly enhanced temperature profile derived by Bé zard et al. (1997b) , for a similarly sized fragment (E) the line formation above 1 mbar. The high altitude source has a strong effect on the July 20 emission as a result whose site was a similar age (2.3 days). The ammonia abundance differed only slightly from that derived with of enhanced stratospheric temperatures from the impact (determined by Bé zard et al. 1997b) .
the nominal profile; we regard the NH 3 distributions of July 20 and July 25 as comparable within the uncerThe main constraint provided by the shape of NH 3 lines observed 21 hr after the K impact is that a fraction of the tainties. stratospheric NH 3 must lie above the 0.1-mbar level. If we place ȁ2 ϫ 10 17 cm Ϫ2 in the 20-mbar region (as indicated d. An Interpretation of All Observations by the July 30-31 observations), we find that the maximum amount above 1 mbar which allows us to reproduce the In summary, broad spectral lines observed on July 30 and 31 require a source of NH 3 at 15-30 mbar (1-3 ϫ 10 17 emission is ȁ6 ϫ 10 16 cm Ϫ2 (for a constant mixing ratio profile above 1 mbar). Smaller amounts, placed at higher cm Ϫ2 ). Observations on July 20 require a source above ȁ1 mbar (1 ϩ1 Ϫ0.5 ϫ 10 16 ) and provide only a loose upper limit levels, fit the data equally well, such as 1 ϫ 10 16 cm
Ϫ2
uniformly distributed above 0.1 mbar. The details on the on the amount of NH 3 below this level. These seemingly incongruous observations may be reconciled by the fact distribution above 1 mbar are therefore not provided, with the exception that NH 3 must extend to pressure levels that the July 20 emissions, less sensitive to the NH 3 below the 1-mbar level, can accommodate as much as 6 ϫ 10 17 where temperatures are enhanced (above the 0.1 mbar). We present two completely nonphysical models to illus-cm Ϫ2 NH 3 below 15 mbar. Thus sufficient NH 3 may hide below 15 mbar in the July 20 spectra with which to interpret trate this point. A distribution peaked at 0.01 mbar (distribution 2, Fig. 7a ) interprets the observations equally well July 30 and 31 observations. Over the 12 days that emission was observed, UV photolysis would not be expected to as that with a constant mixing ratio above 0.1 mbar, as shown in Fig. 7a (distribution 1). However, a high altitude affect NH 3 at 15-30 mbar, which is partly screened by the NH 3 above 1 mbar and by the dust particles deposited by source at or below a slightly larger pressure level, 1 mbar (distribution 3, Fig. 7a ), fails to interpret the observations the impact. Solar UV photolysis depletes 3 ϫ 10 16 cm
NH 3 above 1 mbar in 3 days and 8 ϫ 10 16 cm Ϫ2 in 9 days (Fig. 7b ) if the NH 3 distribution does not extend above the 0.1-mbar level.
( Moses et al. 1995a) assuming no shielding by dust. Models in which dust shielding is included (J. Moses, personal The July 20 observations appear sensitive mostly to the communication, 1996) predict that about 4 ϫ 10 16 cm Ϫ2 of quantities within 6 days following the K impact, (2) the majority of NH 3 lies between 15 and 40 mbar and remained NH 3 is destroyed after 12 days, i.e., significantly less than that found at 15-30 mbar on July 30 and 31. We therefore constant over the 12-day period of our observations, and (3) less than ȁ8 ϫ 10 16 cm Ϫ2 NH 3 (that is the amount chose to interpret our observations with the assumption that the NH 3 observed on July 30 and 31 at 15-30 mbar predicted to be photolyzed over 12 days in the lack of dust shielding) was injected above 15 mbar. existed on July 20 and 25.
The quantity of NH 3 required to reproduce the July We note that another explanation for the rapid drop in the altitude level of the NH 3 line formation was the pres-20 observations depends on the thermal structure of the altitude region where NH 3 resides; high altitude material ence of dust: the possibility that dust could obscure NH 3 below a dust optical depth of 1 and, with sedimentation is hotter and less is needed; lower in the atmosphere, more NH 3 is required. July 30 and 31 observations require that over time, reveal NH 3 in the progressively lower altitudes.
This method for obscuring NH 3 was first suggested by the high altitude ammonia essentially disappears in 12 days. If we assume that the culprit loss mechanism is UV photol- Kostiuk et al. (1996) to explain their lack of detection of NH 3 below 10 mbar. This solution has two problems. Our ysis, then the dissociation rate constrains the quantity of high altitude NH 3 possible on July 20. We find that an NH 3 spectra detect NH 3 absorption from the troposphere, indicating that deep NH 3 is not obscured. In addition, the sizes distribution with a constant mixing ratio above 1 mbar reproduces July 20 observations with 6 ϫ 10 16 cm Ϫ2 , a of the aerosols and their coagulation and sedimentation rates derived from HST images (West et al. 1995) indicate column abundance similar to that which UV photolysis depletes in 12 days. If ammonia is placed for example that at least one month is required for particles to fall one scale height at the 10 mbar level. above 5 mbar with a constant mixing ratio, 2 ϫ 10 17 cm
would be required, Ͼ2 times that which UV photolysis Our observations suggest therefore the existence of two separate sources of NH 3 . Most of the NH 3 exists at roughly can destroy. The requirement by July 20 observations that some of the NH 3 lies above 1 mbar, taken together with 20 mbar, with a column abundance of 1-3 ϫ 10 17 cm
, which remains constant throughout the 12-day period (Figs. 4 and considerations of the UV depletion rate, indicates that little NH 3 resides between 1 and 15 mbar if the NH 3 above 8). In addition to this low altitude source, observations on July 20 and 25 indicate a second source lying in the fallback 15 mbar is to be depleted in a 12-day period as observed. IRHS observations indicate even slower NH 3 destruction region and amounting to 0.5-2 ϫ 10 16 cm Ϫ2 above ȁ1 mbar (Fig. 8) . The range of values comes from the position of the rates, possibly a result of the shielding of other gases or particulates, as discussed further below (Kostiuk et al. highest pressure above which the mixing ratio is assumed constant; we consider two values, 0.1 and 0.03 mbar. Be-1996) . The most physically reasonable interpretation offered therefore by our observations involved the following tween 0.1 and 15 mbar, there may lie a quantity of NH 3 comparable to that observed above 1 mbar, 3 ϫ 10 16 cm
. In characteristics: (1) NH 3 lies above 1 mbar in measurable C to K impact masses, 15, predicted from the lightcurves of these impacts (Meadows et al. 1995 ).
f. Discussion
The level of high altitude NH 3 (above ȁ1 mbar) is consistent with the location found for CO (Lellouch et al. 1995) , CH 4 (Maillard et al. 1995) , and HCN (Marten et al. 1995) , byproducts expected from the shock chemistry of the splashdown (Zahnle and Mac . The horizontal extent of this NH 3 (Fig. 9b) , within the spatial resolution of our measurements (8000 km), is smaller than that of its companions (C 2 H 4 and HCN) that rose with the plume. This observation agrees well with the chemistry and ballistics predicted for the impacts. Ammonia survived only in the low temperature regions of the plume; these low energy regions could not venture far from the center of an impact site. In sum- cates that it derives from a quenching of the fireball.
mixing ratio is the same on July 20 and 25 and insignificant on July 31.
It is curious that NH 3 is observed above 1 mbar 21 hr and 6 days following the K impact, although unshielded solar UV radiation would dissociate all of the high altitude this altitude range, NH 3 mixing ratios are therefore low. For supply of NH 3 , 0.5-2 ϫ 10 16 cm Ϫ2 , from the K site 3 days simplicity, in our nominal models we set these mixing ratios after impact (Moses et al. 1995a) . The persistence of high to zero. Synthetic spectra resulting from these distributions altitude NH 3 may simply reflect a renewed supply from (Fig. 8) are shown in Fig. 1 . the W impact, which hit Jupiter 71 hr before our observations on July 25. However, the depletion rate of unshielded e. The Total Mass of Ammonia NH 3 , 3 ϫ 10 16 cm Ϫ2 in 3 days, is fast enough to significantly destroy NH 3 provided by the W impact by July 25. AlternaWe can interpret all observations taken on July 20, 25, 30, and 31 with the same amount of NH 3 lofted above 40 tively, NH 3 is shielded. This interpretation is consistent with additional evidence for the long life of high altitude mbar, 2 ϫ 10 17 cm Ϫ2 at the center of the K site. Errors of 10% arise from the quadratic sum of errors due to noise NH 3 provided by heterodyne measurements (Kostiuk et al. 1996) of the Q1 site, 8 days after impact. High spectral and to the definition of the continuum. Uncertainties in the thermal profile of the upper stratosphere do not affect resolution IRHS observations, more sensitive than other measurements to the abundance of the highest altitude our derivation of the NH 3 column abundance, which is heavily weighted toward the lower stratosphere (Fig. 9 ). NH 3 , detect peak NH 3 line emissions of 3.5 ergs cm Ϫ2 sec
, corresponding to a brightness temperature of The primary source of error in the column abundances, and therefore masses, results from uncertainties in the exact 165 K. These temperatures are found only in the stratosphere above 1 mbar, indicating that a significant mass of pressure level of the NH 3 . A constant distribution in the region 15-30 mbar requires half that of a constant distribu-NH 3 must reside above this level.
Additional observations for a UV shielder are provided tion at 30-40 mbar. However, if we assume that the NH 3 vertical distribution in the lower stratosphere remains by HST spectra (Noll et al. 1995 , Yelle and McGrath 1996 , which indicate that CS 2 detected at the fixed, this error does not affect the relative column abundances derived for each day. In addition, we note G site absorbs strongly in the spectral region that precisely corresponds to the UV radiation that dissociates NH 3 . that the two NH 3 emissions at 908 and 948 cm
Ϫ1
, interpreted with the same distribution, yield column abundances Indeed, the CS 2 features largely mask those of NH 3 in these wavelengths. The CS 2 was found to lie above a UV that are equal to within 5%. Summing over all pixels, we find that the mass of ammonia over the K site in aerosol layer (Noll et al. 1995) and above most of the NH 3 (Yelle and McGrath 1996) , perhaps well mixed with the the lower stratosphere is 2 Ϯ 1 ϫ 10 13 g. On July 20, the mass of ammonia in the region of the plume fallback tenuous high altitude supply of NH 3 detected here. With time the strength of the NH 3 features increased relative to was 3 ϩ2 Ϫ1 ϫ 10 11 g. The mass of NH 3 above 40 mbar at the C site is 3 Ϯ the CS 2 features (Noll et al. 1995) ; CS 2 was still detectable at a factor of 2-3 times less than the initial abundance on 1 ϫ 10 12 g, a factor of 4-15 smaller than the NH 3 associated with the K site. This value is consistent with the ratio of the August 9 over the G site (Yelle and McGrath 1996) . Con- smaller field of view 0.86 arcsec ϭ 3250 km of the FOS The history of the NH 3 in the lower stratosphere is prob-observations and their better spatial resolution. FOS meaably quite complicated. This is hinted at by our derived surements might yield greater column abundances as a mixing ratios of 0.8-2 ϫ 10 Ϫ7 for this source (Fig. 4) ; they result of their better spatial resolution. However, the spaare significantly lower than the mixing ratio of NH 3 below tial extent of the majority of NH 3 exceeds the FOS field the 0.7-bar level (1.95 ϫ 10 Ϫ4 ), where presumably the of view. Our column abundances, 1-3 ϫ 10 17 cm
Ϫ2
, are an stratospheric NH 3 was derived. One possible explanation order of magnitude greater than the value (0.5-2 ϫ 10 16 for the presence of stratospheric NH 3 is that NH 3 , normally cm
) derived from Noll et al.'s (1995) preliminary analysis undersaturated at the jovian tropopause, upwelled buoyof FOS observations of the similarly sized G impact and antly and was then depleted by condensation. This scenario the value of 10 16 cm Ϫ2 estimated from a subsequent analysis would imply a stratospheric mixing ratio that was fixed by of FOS observations . The Noll et al. the partial pressure of NH 3 at the tropopause. We modeled simple reflecting model, however, was improved upon by the ammonia emission on July 31 with a distribution that Yelle and McGrath (1996) with a radiative transfer analysis followed saturation to the tropopause, above which it had that included aerosol scattering. Yelle and McGrath's a constant mixing ratio (Fig. 10) . The synthetic spectrum (1996) preferred model of FOS observations (Model B) that resulted displayed a stronger absorption than that has a NH 3 mole fraction of 1 ϫ 10 Ϫ7 in the region 5-100 observed as a result of the NH 3 below 40 mbar. Contrary mbar. We retrieved a similar mole fraction, however, conto this model, our observations indicate that NH 3 occupies fined to a much smaller pressure range (ȁ15-30 mbar). We a very confined vertical region between 15 and 40 mbar, note that UV observations probe down to the level where preferably at 20 mbar, and does not follow the saturated the aerosol optical depth reaches ȁ1, that is, 12 mbar in profile down to the troposphere. One possible mechanism Yelle and McGrath's Model B. Their derived NH 3 abunthat might place NH 3 at 20 mbar is suggested by the fact dance above this level, ȁ1.4 ϫ 10 17 cm
, agrees well with that this level is where the static stability profile has a local our results. The HST observations can be reconciled with maximum. Young et al. (1995) and Zahnle (1996) simulated our results if the distribution of UV aerosols and (or) the the dynamics of SL9 impacts and found that nonlinear particle properties are modified to bring the ϭ 1 level to gravity waves propagate radially from the impact at ȁ20 slightly lower altitudes. Simulations of HST/FOS spectra usmbar, where a waveguide forms. These waves can entrain ing our preferred NH 3 profile indicate that a minor modifijovian air including NH 3 and spread it outward from the cation of the haze distribution is required to fit the UV obimpact. However, this theory has not been explored suffiservations (R. Yelle, personal communication, 1996) . We ciently to explain what powered the material in the dark note that the coincident location of the UV dust and NH 3 circular rings surrounding the impacts to the distances observed.
suggests that they experienced a similar dynamical history.
FIG. 10.
An NH 3 distribution with saturated NH 3 partial pressures up to the tropopause, above which the mixing ratio is held constant (a), yields a synthetic spectrum (b) that fails to interpret the observations.
Our observations include the high altitude source of dark material observed by HST; it extends east of the impact site by as much as ȁ20,000 km, which deconvolved ammonia that is indicated to exist from IRHS observations of the Q1 site (Kostiuk et al. 1996) . However, we find, in our spatial resolution amounts to ȁ8,000 km. The continuum was equally enhanced after the upper stratosphere at disagreement with the results of Kostiuk et al. (1996) , that most of the NH 3 is confined to altitudes below the 10-mbar the K site had returned to near quiescent temperatures on July 25 (Fig. 2 ). Observations indicate variable continuum level 11 days following the K impact. Distributions with NH 3 above the 10-mbar level lead to synthetic emission emission on July 31; however, it covered a larger area than before and was too diffuse to interpret within the errors lines narrower than those presented in Fig. 3a . The IRHS measurements, with a spectral resolution of 0.00083 cm
Ϫ1
, of this analysis. The position and extent of the continuum emission on July 25 were quite different from those obare extremely sensitive to ammonia opacity above the 15-mbar level, however noise rendered these observations served on July 20 and are discussed below.
The observations examined in this study cover narrow to be largely insensitive to radiances lower than 1 erg sec Ϫ1 cm Ϫ2 sr Ϫ1 /cm Ϫ1 ; the associated brightness temperature cor-spectral regions, and the continuum in all of our 10-Ȑm spectra are affected by absorption from NH 3 below 40 mbar. One responds to the atmospheric temperature at ȁ15 mbar. Thus the comparison of Irshell observations and the IRHS explanation for the enhanced emission is therefore a depletion of NH 3 below 40 mbar. This does not appear to be a measurements pertains primarily to the distributions above this level. We have convolved to IRHS resolution, the reasonable solution as it requires an NH 3 mixing ratio at 150-400 mbar that is two orders of magnitude below the spectrum calculated with our nominal temperature profile, and the NH 3 distribution we derived for the 6-day-old K quiescent values. In addition, the spatial coverage of the continuum emission is strongly decoupled from the NH 3 ensite; this model fits IRHS NH 3 lines observed from the Q1 site 8 days after impact. hancement above 40 mbar on July 25. We note that Nicholson et al. (1995) observed a prominent broad emission feature covering the 800-1200 cm Ϫ1 region during the V. THE 10-m CONTINUUM EMISSION atmospheric reentry of the R plume. This emission is very nicely reproduced by a model of silicate dust emission. The continuum levels around the ammonia lines at 948
The enhanced continuum observed by Irshell is best and 908 cm Ϫ1 are enhanced at the K site 20 hr and 6 days explained as emission by silicate-rich dust from the comet. following impact. On July 20, the continuum emission was Identical enhancements were observed at 908 and 948 strongest at impact site and decreased to its nominal value cm
. It was undetectable at 1234, 1150, and 744 cm Ϫ1 , 2 pixels westward of the K site. Eastward, the falloff in where the absorption cross section of silicates drops off the emission was less dramatic; it decreased to nominal 5 by a factor of 10 compared to that at 900-950 cm Ϫ1 (Hanner pixels off impact (Fig. 2) . The area on the jovian disk that displayed enhanced emission matches the coverage of the et al. 1994). Absorption coefficients of silicates at 1234, 1150, and 744 cm Ϫ1 (Hanner et al. 1994) indicate optical which, due to the high temperatures, is the material that emits most strongly in the infrared. On the other hand, depths of 0.001, 0.004, and 0. (Hanner et al. 1994) to derive an enhanced emission of 0.05 erg sec Ϫ1 cm Ϫ2 sr Ϫ1 /cm Ϫ1 that would be emitted by the quantity of dust observed at 908 a mass for the dust. A particle density of 2.5 g cm Ϫ3 is assumed. Both observations, on July 20 and July 25, indicm Ϫ1 . In summary, silicate emission is consistent with our having observed no enhancement in the continuum emis-cate a similar total mass for the silicates of 8 Ϯ 4 ϫ 10 12 g in the splash-back region. Uncertainties derive mostly from sion at these wavelengths.
We interpret the enhanced emission with dust at 0.1-the location of the base of the perturbed region that we allowed to vary between 0.03 and 0.1 mbar. This corre-0.001 mbar. This altitude region was choosen for several reasons: millimeter observations (Marten et al. 1995) indi-sponds to a Si mass of 2 Ϯ 1 ϫ 10 12 g assuming an olivine composition (Mg,Fe) 2 SiO 4 . Comparing this to an 8% Si cate, consistent with theory (Zahnle and Mac , that the splash-down deposited cometary material in this mass abundance in comets (Jessberger and Kissel 1991), our abundance is consistent with 3 Ϯ 1.5 ϫ 10 13 g of comaltitude region. Nicholson et al. (1995) unambiguously detected silicate emission originating from hot material in etary material. Note that we derive this estimate with several assumptions that provide a great uncertainty in the the R plume during its atmospheric reentry. The mass derived under the premise that silicates lie above the 0.1-result: the silicate abundance in the SL9 fragments is unknown, that all the Si goes to silicates is unclear, and the mbar level is consistent with that derived for the R fragment (Nicholson et al. 1995) . Finally, with the silicate dust altitude distribution of the silicates observed with the 10-Ȑm emission is subject to the uncertainties described confined above the 0.1-mbar level, we find similar masses on July 20 and 25 and thus consistently interpret the drop above. in the continuum emission as due to cooling of the upper stratosphere. If we used a model with silicates at for exam-VI. THE ZONAL SPREAD OF NH 3 AND DUST ple 5 mbar, we would find that the mass of silicates decreased significantly over 5 days following the decrease in
The continuum and the NH 3 emissions have different spatial morphologies 21 hr after impact that point to their continuum emission since temperatures in this region are known to have been unaffected by the impacts (Bé zard et different sources. Dust is concentrated at the region of peak NH 3 emission 21 hr after the K impact, yet the dust al. 1997b). A pronounced decrease in the silicate mass is not expected because the sedimentation time for submi-extends further east of the impact center than the observed NH 3 emission (Fig. 11) . The spatial morphology of the 10-cron particles significantly exceeds 5 days in this altitude region (West et al. 1995) .
Ȑm emission is consistent with that of the diffuse high altitude aerosols observed in visible HST images (Fig. 12 ) At impact center, observations indicate an optical depth of 0.012 Ϯ 0.002 at both 908 and 948 cm Ϫ1 (Fig. 11) . Here (West et al. 1995 . This tenuous material forms a crescent to the east of the impact (Hammel and throughout this section, the error refers to the quadratic sum of those resulting from noise and the definition et al. 1995), indicating its formation from the splash-down of material following the impact explosion. of the unperturbed continuum. Uncertainties in the vertical placement of the dust introduce greater errors in the absoSix days following the K impact, the 10-Ȑm emission spread 20Њ Ϯ 5Њ to the jovian east and covered a region lute values of the optical depths. This error, however, does not affect the relative optical depths derived from different ȁ40Њ Ϯ 5Њ longitude (Fig. 11b) . Its areal extent coincides with the dark ejecta blanket observed in HST images 48 hr pixels, assuming a uniform vertical distribution. A haze placed between 1 and 2 mbar requires three times greater earlier (Fig. 12) . One scan north and two scans south of the impact site on July 20 and 25 (Fig. 11 ) display a similar optical depth. An order of magnitude greater optical depth is required if haze is placed at 10-20 mbar. Errors of 50% silicate coverage, indicating comparable effective average velocities over a broad range of latitudes. Scans further are derived from the column abundances resulting from haze distributions above 0.1 and 0.03 mbar. Irshell observa-north of the emission displayed too low a silicate emission for a precise determination of its placement. The spatial tions do not otherwise constrain the vertical level of the dust. Limb darkening in HST images indicate a visible haze resolution (1.5Љ) exceeds the angular distance between each scan (1Љ); therefore although adjacent scans are not in the diffuse regions residing from 10 mbar to at least as high as a few millibars (West et al. 1995) . These images entirely independent measurements, alternating scans are.
We have deconvolved the image with a Gaussian funcdo not indicate the altitude of the top of the dust layer, tion with a FWHM of 1.5 arcsec; our observations indicate VII. C 2 H 4 MASS AND DISTRIBUTION a spread of 7Њ (ȁ8000 km) to the jovian east. The evolution
The emission at ȁ949 cm Ϫ1 from 7 ethylene lines is of the dust differs dramatically from that of the low altitude present over the observed K and C impact sites and not NH 3 ; the position and coverage of NH 3 apparently do outside these regions. Because ethylene is a photochemical not change, with the exception of the small fraction that compound normally present in Jupiter's stratosphere (Kosappears to sheer toward the east. A similar spatial distributiuk et al. 1993), we first need to wonder whether the tion for NH 3 , with the slight eastward sheer, is observed observed emission might merely result from enhanced temin the scan north of the impact site and in the two scans peratures in the plume regions. Expressed in erg sec Ϫ1 cm
Ϫ2
south of the central emission (Fig. 11) . The lack of displacesr Ϫ1 /cm Ϫ1 the emission over K amounts to 0.14 observed ment in the NH 3 indicates that at 20 mbar (where the NH 3 at an air mass of 3.1, 0.07 on July 25 for an air mass of is concentrated) wind speeds are minimal. The evident 1.8, and 0.03 on July 30 for an air mass of 1.7. The upper lack of transport of NH 3 at 20 mbar agrees with near-IR limit we can conservatively set on any emission outside observations of dust located at and above ȁ20 mbar; 6 the impact areas is about 2% of the continuum, i.e., 0.008 days following the K impact, winds transported the 20-erg sec Ϫ1 cm Ϫ2 sr Ϫ1 /cm Ϫ1 at an air mass of 2. We found that mbar dust 1.6Њ longitude, ȁ0.46 arcsec (Banfield et al. Gladstone et al.'s (1996) baseline photochemical model 1995), a distance unresolvable with our observations. The yields a vertical profile for C 2 H 4 that produces emission existence of calm zonal winds at 20 mbar is consistent with lines much stronger than this upper limit. Depleting this the decay with height of zonal winds as inferred from profile by a factor of 7 reduces the emission to this level, the horizontal thermal gradients measured by Voyager using our nominal temperature profile. (Gierasch et al. 1986 ).
This ''reference'' C 2 H 4 profile, acceptable for the unperWe note the displacement of the dust is not a result of turbed areas, was used to investigate the effect of enhanced the W impact (of July 22) occurring at a separate longitude.
temperatures on the 949 cm Ϫ1 emission feature. Bé zard et This interpretation would not explain the spatial decoual.'s (1997) temperature profile for the K site 23 hr after pling of the dust on July 25 from the NH 3 .
impact leads to an emission of 0.06 erg sec Ϫ1 cm Ϫ2 sr Ϫ1 / Wind speeds measured by HST for the dark particulates cm
Ϫ1
, less than half that observed. The July 25 data lack (Hammel et al. 1995, Simon and suggest that direct information on the temperature profile; we used a this tracer senses tropospheric winds. In contrast, our improfile derived for the E site observed 2.3 days after impact ages of dust and NH 3 taken together indicate that silicates (discussed in Section IV.c). The C 2 H 4 emission was then in the ejecta blanket are subject to high altitude winds calculated to be enhanced by ȁ80%, compared to the unthat are disconnected from those in the troposphere by a perturbed case, and amounted to 0.015 erg sec Ϫ1 cm Ϫ2 sr Ϫ1 / doldrums region at ȁ20 mbar sensed with NH 3 . The reason cm
, four times less than that observed. On July 30, the that we observe different dust dynamics might be because C 2 H 2 line emission still showed a ȁ20% enhancement over the silicates we detect are related to the dark ejecta blanket the K ϩ W site that could be interpreted by a ȁ13 K and are at significantly higher altitudes than the majority of the dust sensed at visible wavelengths at ȁ100 mbar.
temperature increase near 3 Ȑbar (Bé zard et al. 1997b) . the high temperatures of the splash-down (Zahnle 1996) . The dust was cometary material entrained in the dynamics of the splash-down (Zahnle and Mac Low 1995 Our observations indicate two sources of stratospheric ammonia. The majority of NH 3 is found at ȁ20 mbar. The latter calculations most strongly argue against a pure thermal effect causing the C 2 H 4 emission over the Ammonia was also deposited above 0.1 mbar, with an abundance ȁ that detected at 25 mbar. The vertical place-K ϩ W site. Perturbations of the temperature profile in the plume region are found to produce similar enhance-ment and small mass of the high altitude NH 3 suggest that it was quenched in the fireball and rose with the plume. ments in the intensities of the C 2 H 2 and C 2 H 4 lines, mainly because their model distributions have a similar vertical Its spatial extent and vertical position support models of the impact dynamics (Zahnle et al. 1995) . dependence (Gladstone et al. 1996) . On July 30, the C 2 H 4 emission should thus be enhanced by only ȁ20%, as is
The dramatically different vertical location of the main source of NH 3 compared to the high altitude source indiobserved for C 2 H 2 . In contrast, the C 2 H 4 emission is seen only over K ϩ W, indicating that it is at least three times cates a separate origin-the upwelling of jovian air from the troposphere. The dynamics of this process confound larger there than in the immediate surroundings.
Therefore, we analyzed the observed C 2 H 4 emission in understanding from our observations; we are not simply detecting NH 3 buoyantly upwelling, buffered by condensaterms of shock-produced gas deposited by the plume and assumed a constant vertical distribution above 0.1 mbar, tion. A vertical profile of saturated NH 3 in the troposphere connected to a constant mixing ratio above the tropopause the altitude region affected by the spash-back (Lellouch et al. 1995 , Marten et al. 1995 , Maillard et al. 1995 . Radiative disagrees with the observed lineshape. Instead, we find that NH 3 is limited to a fairly confined region at roughly transfer calculations derive a mass of 1 Ϯ 0.3 ϫ 10 12 g on July 25. The column abundance, 4 Ϯ 1 ϫ 10 15 cm Ϫ2 for 20 mbar. It is not clear what dynamical processes placed NH 3 in this confined region; however, this particular altiJuly 20 and 25, drops to 3 Ϯ 1 ϫ 10 15 cm Ϫ2 by July 30. The distribution and mass derivations are affected by three bad tude is where static stability is a maximum. Transportation by nonlinear gravity waves has been suggested by the as pixels in what appears to be the center of the area that emits radiation (Fig. 13) . Nonetheless, the spatial distribution of yet incomplete model of the impact rings by Zahnle (1996) and Young et al. (1995) . C 2 H 4 is similar to the distribution of the silicate dust: ethylene covers a larger area and extends further east than does
The mass of NH 3 provides an estimate for the quantity of cool jovian air that followed the hot gas, from the explo-NH 3 . HCN, also created in the ''splash-back,'' has been investigated with spatially resolved spectroscopy available sion of each impact, to the stratosphere. Initially, we assumed the impactors reached below the level where NH 3 with Irshell (Bé zard et al. 1997b ). The horizontal distribution of HCN created by the K impact matches the distribu-condenses, 0.7 bar (Zahnle and Mac Low 1995) , and thus most of the stratospheric NH 3 observed at 20 mbar origition of dust rather than the NH 3 in the sense that it extends from ȁ250Њ to 305Њ longitude (Bé zard et al. 1997b) . The nated from below this level. The NH 3 mixing ratio is expected to be constant below 0.7 bar at roughly the solar similarity in the behavior of HCN, C 2 H 4 , and dust points to their common source: HCN and C 2 H 4 were created in N/H value of 1.95 ϫ 10 Ϫ4 (Anders and Grevesse 1989).
Our observations then imply that the total mass of tropo-were three times more energetic than R (Meadows et al. 1995) . Nicholson et al.'s results then appear consistent with spheric air upwelled following the K and C impacts is 1.2 Ϯ 0.6 ϫ 10 16 g and 1.8 Ϯ 0.6 ϫ 10 15 g, respectively, i.e., our silicate mass for the K fragment, considering the large uncertainties involved in these analyses. Our mass esti-ȁ600 times the mass of the stratospheric NH 3 . Greater masses of jovian air would be implied if the explosions mates for the K fragment (3 Ϯ 1.5 ϫ 10 13 g) are lower than values derived from observations of CO over the K site occurred above 0.7 bar. Our values for the mass of upwelled gas agree with estimates from numerical models, which yielding a fragment mass between 1 and 10 ϫ 10 14 g (Lellouch et al. 1996) . This suggests that the mass of silicates indicate a mass in excess of 10 16 g for the large impactors (Kevin Zahnle, private communication, 1996) . In addition, in the plume was less than the initial content of the fragment. It is possible that a large fraction of the original within the measurement uncertainties, the mass of gas brought up from the K and C impacts scale according to silicates, dissociated during the explosions, could not recombine because of a competition between the Si and C the total energy of these impacts as indicated by the impact lightcurves (Meadows et al. 1995) . This suggests that both atoms to bind the O atoms. The visible flux of the individual fragments indicated a fragment size of ȁ3 km assuming fragments exploded in regions with similar NH 3 mole fractions, i.e., below the NH 3 condensation level.
an albedo of 4% , however, these observations do not directly detect the majority of the fragment's The attenuation in the NH 3 emission over the 12 days that we observed the K site was slower than predicted by mass and therefore involve large unpredictable errors that allow for sizes Ͻ1 km. photochemical models (Moses et al. 1995a) , suggesting that NH 3 was partially shielded by particulates or another gas.
HST observations detect ȁ5 ϫ 10 14 g of dust for all fragments (West et al. 1995) . This implies ȁ10 14 g for the Possible candidates are CS 2 and the high altitude dust visible by HST at UV wavelengths (Clarke et al. 1995) . K impactor (assuming that it supplies of the solids), that is, 10 times the dust we observe. Infrared observations do Our observations indicate, however, that the high altitude source of NH 3 was depleted within 12 days, and the not therefore detect the majority of solid material. Such a result is already expected from the vertical distribution of shielding was incomplete. Subsequent Irshell observations taken 10 months after the SL9 impacts in May 1995 de-dust derived from HST, which indicates that much of the dust, particularly in the core of the site, resides at ȁ100 tected no emission from stratospheric NH 3 (Bé zard et al. 1997a ). An upper limit of 6 ϫ 10 16 cm Ϫ2 at a pressure level mbar. Thus we might infer that of the dust observed by HST only that in the diffuse ejecta blanket was detectable of 40 mbar was determined from these observations. in the thermal infrared, and therefore that a component of this dust is silicates. b. C 2 H 4 : Shocked Dry Jovian Gas Near-IR reflection spectra detect a mass of dust similar We observe 1 Ϯ 0.3 ϫ 10 12 g of C 2 H 4 over the K site, a to that determined by the visible observations of HST. compound formed in the reentry shock from dry jovian This dust is found to be at or above 20 mbar (Banfield et air (Zahnle 1995) . The presence of H 2 O in the plumes al. 1995). UV observations display the continuum signature of the impacts (Bjoraker et al. 1996) indicates that the of Rayleigh scattering indicating that the dust lies at or O/C Ͼ 1 in the comet. Since the presence of oxygen swings below the level of 1-5 mbar (Yelle and McGrath 1996) . the chemistry toward oxidized carbon, the C 2 H 4 that we Comets are estimated by considerations of solar abundetect derives from ambient shocked air outside the central dances to contain 20-30% silicates. The mass of silicates fireball that contains cometary material. Our observed originally in the K fragment was then probably on the value is considerably larger than that predicted (10 10 g) by order of 1 ϫ 10 14 g with a factor of 3 uncertainty, using Zahnle (1996) .
Lellouch et al.'s estimate for the mass of K. It is thus possible that silicates upwelled from the explosion region c. Silicate Emission at 10 Ȑm: Cometary Material are a major constituent of the dust seen in the visible and near-infrared. Spatially resolved spectroscopy of SL9 sites detects silicate emission over a region surrounding the K site that d. The Horizontal Coverage of Silicates and NH 3 matches that of the dark ejecta observed by HST. Assuming that silicates lie above 0.1 mbar, we derive a mass of Horizontal placements derived for HCN, silicates, and 8 Ϯ 4 ϫ 10 12 g for the silicate dust created by the K im-NH 3 are presented in Fig. 14. The areal coverage of the pactor. Nicholson et al. (1995) derived a mass of 6 ϫ 10 12 g silicate emission coincides with that from the ejecta matefor the smaller R impactor assuming a temperature of rial observed by HST. The coverage of the dust is also 370 K in the reentering plume. For a more realistic temper-similar to that of C 2 H 4 and HCN, observed from the same ature of 700 K (e.g., Encrenaz et al. 1995) , the mass is instrument (Bé zard et al. 1997b) . These similar spatial mordecreased to 0.9 ϫ 10 12 g. Ground-based observations of phologies for dust, C 2 H 4 , and HCN point toward their collaborative participation in post-explosion dynamics, the splash-back phase suggest that the G and K events Irshell. Also shown is the dark material observed at the core and the diffuse outer regions of impact sites by HST images (West et al. 1995). where vaporized cometary and jovian material splashed 1997b). Likewise, cometary Si at the heart of the explosion was shocked to the highest energies in the event and ended down on Jupiter's stratosphere and led to the synthesis of high temperature compounds.
up farthest from the impact site, ȁ8000 km east. The areal coverages of both of these materials agree with that of the The areal coverage of the silicate emission is greater than that of the high altitude NH 3 . This observation is dark ejecta material seen by HST.
Stratospheric dust and NH 3 behaved like tracers in the consistent with ballistics of the event; gas subjected to relatively low temperatures rose with low velocities and jovian stratosphere at the silicate level and 20 mbar, respectively. At 20 mbar, the horizontal coverage of NH 3 refell back on the atmosphere near the center of the impact site. Low energy gas, at shock temperatures less than mained largely undisturbed over a 6-day period; considering the spatial resolution of our observations this indicates roughly 2000 K, are expected to contain jovian gases (e.g., NH 3 ) that were quenched in the plume. The coverage of no displacement greater than 5Њ in longitude. At this altitude, doldrum conditions are predicted by temperature the NH 3 above 0.1 mbar is less than the spatial resolution of our measurements, in agreement with the spatial extent gradients measured by Voyager, which indicate an attenuation of wind speeds with height having a vertical scale of predicted from kinetic models of the quenched gas (Zahnle 1996) . The coverage of HCN and silicates exceeded our 2.4 scale heights (Gierasch et al. 1986) . Such quiescent conditions are also observed by the tracking of dust at 20 spatial resolution; these observations, deconvolved to the spatial resolution of the instrument, provided the eastern mbar by near-IR spectroscopy (Banfield et al. 1996) . In contrast, wind speeds sampled by silicate emission aprange of these materials from the impact center (the HWHM). HCN participated in hotter regions of the plume peared less sluggish. Over a 6-day period, dust was transported roughly 10Њ in longitude (ȁ2 pixels) to the jovian and was found ȁ7000 km east of the K site (Bé zard et al.
